Background and objectives The detection of spatial clusters of blood donation rate is an important
INTRODUCTION
In Canada, as elsewhere around the globe, maintaining the supply of blood products is a crucial issue for the two blood donation agencies (Canadian Blood Services and Héma-Québec). For Héma-Québec, as well as other blood agencies in developed countries, the "blood donor loyalty and retention are major challenges, which must also cope with a stagnating number of donations per person" [1] . Following these preoccupations, it is hardly surprising that a particular attention is given worldwide to analyses on social, ethnic and demographic characteristics of first-time or repeat donors, and on factors influencing the decision to donate blood [2] [3] [4] [5] [6] [7] [8] . In addition, some authors focus on the forecast of demand and supply by using projected population data, in a context of ageing population and increase in blood products demand [9, 10] .
By contrast, there have been few studies exploring the geographic aspects of blood donation. More specifically, spatial variations of blood donation rates and local factors impacting these rates have received little attention during the last decades. To fill this gap, some interesting studies, which integrate a geographic dimension, have recently been conducted in different contexts, e.g. Canada [11] [12] [13] , Netherlands [14] and Germany [15] . In methodological terms, the exercise consists in the joint use of blood donation data provided by a blood agency and several variables extracted from a national census.
By doing so, it is possible to aggregate the blood donations data at a given spatial level (e.g. municipalities, counties, or regions) and then calculate and map blood donation rates for a specific period of time. Starting from these joined datasets, the use of classic or spatial regression models let one to explore the relationships between rates and several predictors such as demographic, socio-economic, ethnic/racial/religious, and social capital (e.g. voter turnout) indicators. These studies have shown that, all things being equal, percentage of immigrants and unemployment rate are generally associated with lower donation rates while percentages of university graduates and voter turnout are associated with higher donation rates [11, 12, 14, 15] . For example, Bekkers et Veldhuizen [14] analysed the geographic variations of proportion of donors among the total population across municipalities of Netherlands in 2005 and Weidmann et al. [15] calculated blood donation rates for 1533 municipalities in south-west Germany in 2007. In Canada, Saberton et al. [11] calculated donation rates at the census tract level for 40 metropolitan areas across Canada whereas Cimaroli et al. [12] produced an interesting map of the percent of total donors in Toronto at a fine spatial level (i.e. dissemination areas, equivalent to the census block group in the US). Finally, Cloutier et al. [13] presented a map of blood donor rates for the administrative regions of Québec. All these previous works [11] [12] [13] [14] [15] have demonstrated that blood donation rate varies significantly across space, no matter the geographical scale retained. Moreover, two studies have demonstrated that this indicator is positively spatially autocorrelated [11, 15] . In practical terms, this means that in a given study area, close or adjacent spatial units share high values of blood rates whereas other ones present low values.
In this context, low/high blood donation rate spatial clusters detection becomes an interesting issue to explore, especially if these mapped clusters and the spatial units underneath are suggested as interventions targets: it makes it possible to try to increase the number of donors in significantly low rate areas, for example. This study's main objective is to detect geographical clusters of high or low blood donation rates in the Québec Province (Canada). We hypothesise that these rates may vary spatially, and according to donors' sex and age. Compared to previous studies, this work is original in two ways. Firstly, it includes a spatial-clustering analysis to identify low/high donation rate areas (i.e. clusters) using blood data over a five-year period (2003) (2004) (2005) (2006) (2007) (2008) . Secondly, it highlights the low/high cluster space variations for different groups (total population, men, women and four age categories) while, in previous studies [11, 12, 14, 15] , blood donation rates for a given spatial level were calculated for the entire population and for one year only. It is worth noting that SaTScan (the software used for the spatial cluster analysis) has been employed in epidemiological studies to detect spatial and space-time disease clusters, such as different types of cancer -leukemia [16] , breast [17, 18] , colon [19] , prostate [20] , lung [21] , and brain [22] -, infectious diseases [23, 24] , low birthweight and infant mortality [25] . To date, it has not yet been used to detect space or space-time clusters of blood donation rates (no study is indexed in PubMed with 'SaTScan' and 'blood' as keywords).
MATERIAL AND METHODS

Blood donations, population and geographic data
The data on blood donations were obtained from Héma-Québec, which is the only organization responsible for blood supply in Québec. As described in a previous study [13] , only allogeneic donations from people aged between 18 and 69 were retained (age being the first eligibility criteria), including attempted donations (donations not collected due to deferral or another reason) since, even if the blood collection did not take place, the would-be donor generally goes to a collection site with the intention to For each blood donation, age -calculated from the date of the donation-, gender and residential donor's postal code were available in the database, making it possible to compute the number of cases for the 101
MRCs by using geographic information systems (GIS). To calculate the donation rates, we used demographic data publicly available on the Institut National de la Statistique du Québec website at the MRCs spatial level for our five-year study period (2003 to 2008) . Once fully structured into ArcGIS 10 and SAS 9.2 software, the database contains 1 428 849 blood donations given by people aged from 18 to 69 over the five-year study period.
Detection of spatial clusters method: Kulldorff's scan statistics
In order to identify areas with significantly low or high rates of blood donations, the SaTScan software (version 9.1.1) [26] was used to perform spatial analysis, assuming that the number of blood donations follows a Poisson distribution. This computer software detects location and size of spatial and space-time clusters while checking their statistical significance. In practical terms, with the spatial scan statistic, a circular or elliptic window scans the study area with different radius (circles) or shapes and angles (ellipses) that will never reach more than half the total population [27, 28] . Thereafter, for each location and size of the scanning window, it will test the alternative hypothesis which states that the annual number of blood donation per 1000 people is highest or lowest within the window compared to outside. According to Kulldorff [28] , under the Poisson assumption, the likelihood function compares the observed and expected numbers of blood donations for each scanning window as follows:
where D is the total number of blood donations over the whole area, d is the number of blood donations within the scanning window, and E[d] is the expected number of blood donations within the window under the null hypothesis. Without covariate adjustment, this expected number of blood donation is:
where d and D are defined above, p and P are respectively the population within the scanning window and P the total population in the Québec Province. With covariate adjustment (i.e. sex and age groups), E[d] is written as follows:
where d, D, p, P are defined for each sex and age category i.
The SaTScan program computes a p-value for each likelihood ratio by using Monte Carlo replications (usually 999 or 9999) [29] . Finally, the Kulldorff's scan statistics allows identifying two types of clusters: the most likely cluster and secondary clusters that are descending-ordered according to their significance.
Output result for each cluster contains the number of spatial units (here MRCs) included in the cluster, the number of observed and expected blood donations, the rate inside the cluster (annual blood donations per 1000 inhabitants), the log likelihood ration and its p-value, and the relative risk (RR). The latter statistic is the ratio between "observed divided by the expected within the cluster divided by the observed divided by the expected outside the cluster" [29] :
Therefore, for a detected cluster, a RR value greater than 1 indicates a high annual blood donation rate area in comparison with the rest of the province; and a value lower than 1, a low annual blood donation rate area.
The analyses were conducted by setting the SaTScan parameters in this following way: a scan for areas with either high or low rates, an ellipse with a medium non-compactness penalty as a spatial window shape, 50% of the total population as the maximum spatial cluster size and 9 999 Monte-Carlo replications to test for statistical significance. Concerning this last file, due to the fact that a large part of certain MRC are uninhabited (especially in rural and remote areas), the centroid location was spatially adjusted using the 2006 population ecumene map of Canada produced by Statistics Canada [30] : the original MRC boundaries were clipped to this map before computing the centroid x/y-coordinate values. It should be mentioned that space-time analysis were also performed. Because results were very similar to the purely spatial analysis, they are not reported here.
Statistical Methods
Two main statistical methods will be assessed here: a) a comparison of the obtained clusters between eight sex and age groups previously introduced and b) sociodemographic characteristic identification for high donation rate clusters.
First, to explore the similarity of obtained clusters for each sex and age categories, Cohen's kappa coefficient were calculated. This coefficient is used to assess the degree of concordance between two nominal variables which have identical categories [31] . In our case, the variables have three (possible) categories: the MRC belongs to a high blood donation rate cluster, to a low blood donation rate cluster or the MRC does not belong to any cluster. Resulting clusters for all the donors will be compared with those for men, women and the six age categories: this will permit to evaluate how the low/high clusters obtained for each sex and age category differ from those obtained for the total population. According to the values of the Kappa Statistic, which varies between 0 and 1, the degree of concordance will be determined as follows: poor (k < 0.2), fair (0.2 ≤ k < 0.4), moderate (0.4 ≤ k < 0.6), good (0.6 ≤ k < 0.8); excellent (k ≥ 0.8), and perfect (k=1) [31, 32] .
Secondly, six factors are retained to explain the MRC's membership to a low or high rate cluster. These "predictors" are quite common in the literature and refer to the blood collection sites spatial accessibility and to socio-economic and demographic characteristics [11] [12] [13] [14] [15] . Some of those variables are known to have a negative relation to donation rates: 1) road network distance between the donor's place of residence and the collection site, 2) population density, 3) unemployment rate, 4) percentage of immigrants; while others have a positive relation to it: 5) average individual total income, and 6) percentage of university graduates. According to the 2006 census dictionary of Statistics Canada a "landed immigrant (permanent resident) is a person who has been granted the right to live in Canada permanently by immigration authorities" [33] . Except the distance predictor, all of them were extracted from the 2006 census of Statistics Canada. Since the number of MRCs is too low to apply a logistic regression (n=101), independent group t-test for each variable were computed to compare mean values of MRCs belonging to a high blood donation rate cluster to those not included into any cluster. This analysis was conducted in SAS by using the procedure PROC TTEST. Table 1 presents descriptive statistics and rates per year, sex and age group. Except for 2003 and 2008 which were not full years, the proportion of blood donations per year is stable at around 20% (Table   1 ). Over half of the 1.4 million blood donations made to Héma-Québec over the 5-year period came from men (55% versus 45% for women). Regarding the donor's age, the highest rates were observed for the 40-49 and 50-59 age categories (respectively 60.61 and 68.08 donations per thousand people per year), whereas the older (60-69) and younger (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) donors have the lowest rates, followed by the 30-39 category (respectively 48.07, 49.28 and 39.98). These numbers are in line with the American and European literature showing that men aged between 40 and 60 are the most frequent donors, despite the fact that women are more numerous first-time donors [3, 8] .
RESULTS
First,
Blood donation clusters in Québec according to sex and age groups
As described previously, the spatial analysis using SaTScan identifies two types of clusters: the most likely cluster and the secondary clusters. In the present case, only two clusters were identified for each subgroup analysis, one for high blood donation rate and one for low rate, both significant at p≤0.001.
Statistics for these clusters (total, sex and age categories) can be found in Table 2 .
For the sex and age group adjusted total population analysis, the most likely low blood donation rate cluster has a relative risk of 0.56 compared to the rest of Québec. In other words, in this cluster, which groups two urban MRCs: Montréal and Laval (Figure 1a) , the annual blood donation rate is 44 percent lower than in the rest of the Province. The secondary cluster has a significantly higher blood donation rate, and contains over half of all Quebec's MRCs (61 MRCs included over 101 total: Figure 1a) . In this secondary cluster, the annual blood donation rate is 53 percent higher than in the rest of the Province.
Finally, 38 MRCs do not belong to any cluster. They are mainly located in three parts of Québec: 1) in the south, particularly in Montérégie, Estrie and Outaouais regions which border the New-York/Vermont/Maine States and the Ontario province; 2) in the north-west, including Abitibi-Témiscamingue's remote region and 3) in the north-east, including three other remote regions -Côte-Nord, Gaspésie-Îles-de-la-Madeleine and Bas-Saint-Laurent- (Figure 1.a) .
The low rate most likely cluster including Montréal and Laval is repeatedly significant in all analyses except for the youngest age (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) , where there are 18 MRCs included (Table 2; Figure 1d ). High rate secondary clusters vary much more, both geographically and in terms of the number of MRCs included.
For example, the total population high rate cluster contains 61 MRCs against 55 MRCs for the oldest age group (60-69) and 82 for the 30-39 age group. Moreover, in comparison with the total population secondary cluster, the relative risk for the 18-29 is lower (1.41 versus 1.53) and higher for the thirties (1.67 versus 1.53) ( Table 2) .
The values of the Kappa statistics, reported in Table 3 , show that the degree of concordance between the total population clusters and the other subgroup clusters is moderate for four age categories (18-29, 30- 39, 40-49, 50-59); good for the women and the oldest (60-69) category; and excellent for men, which means that men's high cluster geography is similar to the total population one. The comparison of the cluster maps allows an easy understanding of the differences between the obtained men, women and total population clusters ( Figure 1a, b and c) . Indeed, some of the MRCs which belong to remote regions of Bas-Saint-Laurent, Abitibi-Témiscamingue and Laurentides (labelled 01, 08 and 15 in Figure 1 .a), are included in the secondary high blood donation rate area for women, whereas they are not for the total population secondary cluster. For the 18-29 year-old category, the most discordant aspect is certainly the significantly low blood donation rate area which contains 18 MRCs located in the south-east of Québec, in the administrative regions of Montérégie, Laurentides (close to Montréal) and Outaouais (close to OttawaGatineau) (Figure 1.d) . This might be explained in part by the student population, which would give on campuses in Montreal but has their permanent address elsewhere. Finally, the map for the oldest age category is quite similar to the total population one, except that none of the Bas-Saint-Laurent MRCs are located within the high rate cluster while those close to US border belong to it (Figure 1.a and h ).
Factors related to the presence of high blood donation rate clusters
Results of T-test conducted between MRCs which belong to a high cluster and MRCs which are not included into any cluster are presented in Table 4 . First, only two factors are significantly associated with the total population: 1) the mean network distance between the donor's residence and his/her collection site and 2) the unemployment rate. This means that MRCs included in the high blood donation rate cluster have shorter distances between donor's residence and collection site and lower unemployment rates than MRCs not included in any cluster. Yet, the differences are not significant for income and higher-education indicators. Consequently, this last result is not consistent with those of recent studies based on classic or spatial regression [11, 14, 15] .
Secondly, these associations vary according to sex and age group. Network distance to blood collection site and unemployment rate are still significantly lower for men, but not for women (Table 4) The socioeconomic profile of the high rate clusters obtained for the age categories are also quite different.
Network distance to blood collection sites is significantly lower only for 18-29 and 60-69 years old analyses. Similarly, unemployment rate is lower for the 18-29 and 60-69 groups but higher for the [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] group. Average income is lower in high donation rate areas for the 30-39, 40-49 and 50-59 analyses while high-education is significantly higher only for the youngest blood donor (the 18-29 age category). Finally, the proportion of immigrants is lower for the 30s, 40s and 50s groups but higher for the 18-29 age group. These two last results for the young donors can be related once again to the importance of blood drive on university or college campuses, where donors are highly educated and immigrants more present.
DISCUSSION
Our analyses have shown that spatial clusters with low or high blood donation rates vary significantly in space and according to sex and age in Québec. The most likely cluster reveals that Montréal and Laval always belong to a low blood donation rate area, regardless of the age and sex categories. This situation is not surprising when we compare the socio-economic and demographic profile of these two urban regions to the rest of the province (Table 5) . Although distance to collection site is smaller, population density, unemployment rate (for Montreal only) and immigration are higher in those two cities. The strong presence of immigrants (two to three times more than the rest of the province) may partially explain the unique situation of these two cities. As reported by several authors [11, 12, 14, 15] , immigrants tend to give less blood for religious, cultural or other reasons such as a misunderstanding of the process or safety of the system [34, 35] . Consequently, this variable is also negatively significant in five of the eight subgroup analyses (Table 4 ). The spatial concentration of the immigrant population in the Montreal region (in the low cluster area), and its very low number in the 60-69 age group might explain the nonsignificance of this variable for the total population, the men and the 60-69 analyses.
In addition, the size and the location of significantly high or low donation rate are quite different between the eight sub-group analyses performed. Of interest is the situation of younger donors (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) , which seems to represent a unique sub-group considering the substantial size of their low incidence area (18 MRCs in Southern Québec, including the Montréal and Laval urban areas). As said earlier, these results might be explained by the "educational" character of young donors, who often give blood for the first time on college and university campuses [36] . If Héma-Québec wants to increase and retain its young clientele, a better understanding of what is going on in regions highlighted in our results could help to create future blood donation advertising campaigns that will be appealing to this population.
The presence of regional educational institutions as well as other public services in cities far from the Montreal metropolitan area might also explain the high rate cluster's location, a result consistent with the "regional affiliation" hypothesis brought by Cloutier et al. [13, 37] . Complementary qualitative research has led to hypothesize that social capital and place attachment in different in those regional "hubs", influencing blood donation behaviour. For example, rural communities, which have better donation rates, refer to different motivation factors to explain their donation: doing their "civic duty", get together with friends (since blood drive are mobile, they represent a "social event" once or twice a year in those villages). To the opposition, reasons given by urban donors included "have a better self-esteem: it feels good", or "convenience of the blood drive: at work" [38] .
Finally, Kulldorff's spatial scan statistic was proven to be an efficient tool to assess the blood donation performance across a country or even a specific region over a period of several years. However, other epidemiological approaches such as Flexible scan statistics [39] or Bayesian hierarchical modelling [40] could also be useful to explore spatial variations in blood donation rates. It would also be interesting to conduct future research at a smaller scale, especially in urban settings like Montréal and Laval (e.g. at the census tract level). This would permits to model blood donation rates using spatial regression techniques.
Such work would enhance once again our understanding of donors and non-donors behaviours, a knowledge useful to guarantee the availability of blood products in time. In terms of strategic planning and monitoring, empirical results from the Kulldorff's method can be used by any blood agencies as a tool to target areas with significantly low rates (for all the donors or a specific group). 
